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Abstract The equatorial peak atomic oxygen density in the lower lliemiosphcrc (aioupd 100 km) is seen to be moderately enhanced
(allowing a magnetic sub-storm using data obtained from the ground based observations The ictnpcralurc of the mcsopausc obtained Irom 
■ Hl('? 2) night airglow observation has shown a rise similar to the positive bay of the magnetic field mtcrisuy thori/ontai componenU during the
said disturbance There is no enhancement of 01(6300) intensity around 300 km compared to the 01(5577) rise The implication of these observation 
IS discussed in the light of the extra-ionosphcric current, increasing the recombination rale
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i in t r o d u c t io n
 ^ :)n:uions in th e  to ta l  d e n s i ty  o f th e  th e rm o sp h e re  d u rin g  
M^i'gnetic d is tu rb a n c e s  h a v e  b een  first re p o r te d  as ea rly  as 
p 1050 at d if fe re n t a lt i tu d e s  an d  la t itu d e s  f l ] .  S u b seq u en tly , 
pMensive in fo rm a tio n  o n  th e  sam e  w as o b ta in e d  u s in g  the 
sa:ciliie-bome g a s  a n a ly z e r  [2 ]. E v id e n c e  fo r ch a n g e s  m 
n ((6 3 0 0 ) in te n s ity  h av e  a lso  b e e n  o b se rv e d  d u rin g  th e  
magpeiic stonm s [3,41 w h ic h  su g g e s t v a r ia tio n s  in n e u tra l 
oxycen d en sity . P e lz  et lj! [5] h a v e  m e a s u re d  th e  d e n s itie s  
ox)'gen d u rin g  a m a g n e tic  s to rm  at a lt itu d e s  d o w n  to  160 
kjii by usin g  d a ta  fro m  A E -C  sa te ll ite . In fo rm a tio n  p e rta in in g  
U tile b e h a v io u r  o f  n e u tra l o x y g e n  d e n s ity  d u rin g  th e  sam e  
'iLi’ /ity a t th e  lo w e r  th e rm o s p h e re  is o f  g re a t im p o rta n c e  
owing to  th e  n e g a tiv e  io n  c h e m is try  o f  th e  D -reg io n . W eill 
ihuj C h r is to p h e r-G la u m e  [3 ] h a v e  o b se rv e d  in c re a se  in th e  
intensities o f 0 1 (5 5 7 7 ) ,  O 2 b a n d  a n d  c o n tin u u m  an d  d e c re a se  
*n OH in ten s itie s  a t m id  la t itu d e  s ta tio n  d u r in g  a n d  fo llo w in g  
magnetic s to rm s . C o n tra ry  to  th is , S h e fo v  [6 ] fo u n d  an 
increase in O H  in te n s i t ie s  a n d  a  re d u c tio n  in  th e  ro ta tio n a l 
tem perature fo l lo w in g  th e  s to rm s .
fo llo w in g  a  g ro u n d  b a se d  o b se rv a tio n  m a d e  at K o d a ik an a l 
(lO^'N, 7 7°5 ' E ), w e  fo u n d  th a t th e re  is a  te m p o ra l en h an cem en t 
atom ic o x y g e n  a t  a n  a l t i tu d e  o f  1 0 0  k m  d e n s ity  so o n  a fte r
a  m ag n etic  su b  sto rm  T h e  m e so p a u se  te m p e ra tu re  is a lso  
d e te rm in e d  from  O H (7  - 2 ) lines. F in a lly , c o m p a r iso n  o f  th e  
b e h a v io u r  o f  a to m ic  o x y g en  lines 0 1 (5 5 7 7 )  an d  0 1 (6 3 0 0 )  is 
m ad e .
2. M e th o d  f o r  d e d u c in g  a to m ic  o x y g e n  d e n s i ty  a r o u n d  
1 0 0  k m
T h e  m ost w id e ly  a ccep ted  reac tio n  ra tes  fo r th e  p ro d u c tio n  
o f  0 1 (5 5 7 7 )  rad ia tio n  are  th o se  su g g es ted  by C h a p m a n  [7],
VIZ.,
0 ( ’ P ) + C X ^ P )  +  0 ( ^ P ) — ^ 0 ( ' S ) 4 0 .  ( ' )
and  by B artli [ 8 ],
CK^P) +  0 ( - ^ P) - t - M— + M .  ( 2)
fo llo w ed  by,
0 *2 + C K 'P ) — ^ 0 ( ' S )  +  0 2 .  (3 )
k\, k2, * 1  b e in g  th e  re sp e c tiv e  re a c tio n  ra tes . W e  fo llo w  th e  
re a c tio n  su g g e s te d  by  C h ap m an  (7) in  th e  p re s e n t s tu d y .
T h e  v o lu m e em iss io n  ra te  o f  th e  g reen  line  o f  a to m ic  
o x y g en  d u e  to  th e  C h ap m an  re a c tio n  is g iv en  by
* i ( 0 ) '
1 4 ( * 4 ( 0 ) V * 5 ( 0 2 ) ] / / I ’
(4 )
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ki an d  ^ 5 , b e in g  th e  re s p e c tiv e  q u e n c h in g  co e ff ic ie n ts  fo r  the  
re a c tio n s  0 ( ‘S ) 0 ( ^ P )  2 0 ( 'D  o r ^P) an d  0 ( 'S )  + O 2
—► O  O 2 . y4 is th e  E in s te in  tra n s it io n  p ro b a b ili ty  co e ff ic ien t 
from  CK*S) to  0 (* D ) . F o r c a lc u la tin g  th e  co lu m n  em iss io n  
ra te s  o f  th e  g re e n  lin e , th e  fo llo w in g  v a lu es  fo r k] [9 ], k^  [10] 
k*, [1 1 ] an d  A [1 2 ] a rc  u sed  :
A, -  1.4 > c x p h 6 5 0 /T ]  c m '^ m o H  s \  (5 )
k4 5 .0  X 10 ”  e x p f - 3 0 5 /T ]  cm^ m o l  ^ s ' ( 6 )
A5 ^  4 . 0  X 1 0  e x p [ - 8 6 5 /T ]  cm^ m o l ' s '  (7 )
A -  1 .17  s ' ( 8 )
It is ev id e n t fro m  th e  n e u tra l a tm o sp h e ric  m o d e l [13] 
th a t th e  q u e n c h in g  d u e  to  N 2 is in s ig n ifican t. T h e re fo re , 
the  e x p re s s io n  fo r c o lu m n  e m iss io n  ra tes  can  be e x p re sse d
as ;
/ rJo k^ioydh1 ^ ~ [ A 4 ( 0 ) 4 ^ 5 ( 0 2 ) ] / ^ ' (9)
th e  in te g ra tio n  b e in g  d o n e  o v e r  th e  em ittin g  reg io n .
R eed  a n d  C h a n d ra  |1 4 ]  h a v e  ev a lu a te d  th e  in ten sity  I 
n u m e ric a lly  as fo llo w s  •
/ a ( 5577)
Q .2 1 6 /t ,S H (0 )^
U [ 0 . 8 ^ 4 ( O U + A , ( 0 2 ) ^ ] / ^
( 10)
in w h ich  S d e n o te s  th e  m ix in g  sca le  fac to r. H  is the  sca le  
h e ig h t o f  m ix e d  a tm o sp h e re  e x p re s se d  as  H  = it77mg, w h ere , 
k is th e  B o ltz m a n n  c o n s ta n t, g th e  a c c e le ra tio n  d u e  to  g rav ity  
a t p e a k  n e u tra l o x y g e n  d e n s ity  ( 0 );„, m th e  m ean  m o le c u la r  
m ass  sfc /w ( N 2) .  T i s  th e  a b so lu te  n e u tra l gas te m p e ra tu re  n ea r 
th e  p eak  o x y g e n  d e n s ity  E q . ( 6 ) is u se d  to  d e d u c e  the 
m ax im u m  o x y g e n  d e n s ity  (O)^, in  th e  lo w e r th e rm o sp h e re . 
R ao  a n d  M u rth y  [1 5 ] c o m p u te d  th e  v a ria tio n s  o f  ( 0 ) /(0 2 ) 
w ith  te m p e ra tu re  fo r  d if fe re n t v a lu e s  o f  S at v a rio u s  h e ig h ts  
b e tw e e n  95  a n d  100  k m  u s in g  th e  m o d e l (O ) p ro f ile s  
o b ta in e d  by  th e m  a n d  th e  v a lu e s  o f  (O 2 ) d e n s itie s  ta k e n  fro m  
C IR A  [1 3 ]. S in ce  th e  h e ig h t o f  m ax im u m  (O ) d e n s ity  is 
d ire c tly  p ro p o r tio n a l to  th e  p ro d u c t o f  S a n d  H , th e  a lt itu d e  
o f  (O ) m a x im u m  v a rie s  w ith  v a r io u s  v a lu e s  o f  T  and  S. T h e  
h e ig h t o f  is c a lc u la te d  u s in g  th e  re la tio n  Z„ = 7 6 .9   ^ 4 .9  
(S .H ) w ith  o b se rv e d  v a lu e  o f  te m p e ra tu re . T h e re fo re , th e  
ra tio  o f  ( 0 ) / ( 0 2 ) is ta k e n  from  th e  m o d e l c o m p u te d  b y  R ao  
a n d  M u r th y  f l 5 ]  a t v a r io u s  t e m p e r a t u r e s  o b ta in e d  
o b se rv a tio n a lly  a n d  a t d if fe re n t h e ig h ts  o f  (O ), k e e p in g  th e  
v a lu es  o f  S ^  0 .7 , s in c e  th e  p a ra m e te r  S c a n n o t b e  o b ta in e d  
fro m  o u r  o b se rv a tio n a l d a ta .
T h e  te m p e ra tu re  a t th e  lo w e r th e rm o sp h e re  re g io n  is 
d e te rm in e d  fro m  O H (7  -  2 )  n ig h t a irg lo w  o b se rv a tio n s . T h e  
ra tio  o f  in te n s itie s  o f  /* i(3 ) lin e  (6 9 2 2 .8 )  a n d  ZR b ra n c h  
(6 8 3 8 )  o f  O H (7  -  2 )  b a n d  is m e a s u re d  e x p e rim e n ta lly . T h e  
sam e  ra t io  is a lso  c a lc u la te d  th e o re tic a lly  by  u s in g  th e
fo llo w in g  e q u a tio n  a t d if fe re n t te m p e ra tu re s  fro m  synthetic 
sp e c tru m  o f  O H (7  -  2 )  b a n d  .
r  =  a s ^  cxp[-F{J)hc  /  k r ] , ( I , I
w h e re  / '  is th e  in ten sity  o f  ro ta tio n a l lin e , Sj th e  lin e  strength 
J t h e  u p p e r  lev e l ro ta tio n a l q u a n tu m  n u m b e r, T th e  rotationai 
te m p e ra tu re , C  an  a rb itra ry  c o n s ta n t. T h e  fu n c tio n  F{j) 15 
d e fin e d  b y  ByJ(J 1) w h e re  By is th e  e ffe c tiv e  rotationu! 
c o n s tan t. T h e  ro ta tio n a l te m p e ra tu re  o f  O H  is considered  tc 
be th e  tru e  te m p e ra tu re  o f  th e  a tm o sp h e ric  lev e l w here  O H  
is d o m in an t. T h e re fo re , th e  te m p e ra tu re  is d e te rm in ed  b\ 
co m p arin g  th e  ra tio  o b ta in ed  e x p e rim en ta lly  w ith  th a t obtainec 
th e o re tic a lly  u s in g  eq . ( 1 1 ).
It is g e n e ra lly  a g re e d  th a t th e  m a x im u m  o f  O H  density 
o c c u rs  a t 8 5 -9 0  k m  an d  so  th e  m a x im u m  em ission  ni 
0 1 (5 5 7 7 )  w h ich  is 10 km  a b o v e  th e  d o m in a n t O H  emission 
can  b e  d e te rm in e d . T h e  s te a d y  te m p e ra tu re  p ro file  [13! 
sh o w s th a t th e  ra tio  o f  te m p e ra tu re s  at th e  1 0 0  k m  and 
k m  lev e ls  is a b o u t 1 .115 . In  th e  f irs t a p p ro x im a tio n , we car 
assu m e  th a t th e  te m p e ra tu re s  a t tw o  lev e ls  a re  a lw ay s  related 
by  su ch  a  fac to r. S in ce  th e  fa c to r  is b a se d  on  a  m ean  mode! 
it c a n n o t b e  ta k e n  as c o n s ta n t fo r  d e te rm in in g  th e  variations 
in te m p e ra tu re  ra tio  a t d if fe re n t lo c a tio n s  an d  tim es The 
d e riv e d  n u m b e r d e n s ity  o f  n eu tra l o x y g e n  is therefore 
su b je c t to  th e  u n c e rta in tie s  in th e  v a lu e  o f  th is  temperature 
ra tio .
It is to  b e  n o te d  th a t a lo n g  w ith  £ - r e g io n  co m p o n en t, thv 
o b se rv e d  in ten sity  o f  0 1 (5 5 7 7 )  in c lu d e s  th e  contributior 
f ro m  th e  £ - r e g io n  as w e ll, a r is in g  fro m  th e  dissociative 
re c o m b in a tio n  o f  O 2 - T h e re fo re , to  e s tim a te  th e  £-regior 
c o m p o n e n t o f  0 1 (6 6 7 7 ) , 2 5 %  o f  th e  0 1 (6 3 0 0 )  intensih 
m e a su re d  s im u lta n e o u s ly  h a s  b e e n  su b tra c te d  from  tht 
o b se rv e d  0 1 (5 5 7 7 )  [1 6 ,1 7 ] .
3. Observations and results
A  filte r  p h o to m e te r  w as  u se d  to  m o n ito r  th e  in tensities * t 
0 1 (5 5 7 7 ) , 0 1 (6 3 0 0 ) , O H ( 7 - 2 )  b a n d s  I /? (6 8 3 8 )  and  hO: 
lin e  o f  O H (6 9 2 2 .8 )  fro m  th e  z e n ith  sk y  to g e th e r  w ith tht 
b a c k g ro u n d  c o n tin u u m  a t 7 1 2 0 A . T h e  h a lf -p o w e r bandwidth^ 
o f  in te rfe re n c e  filte rs  u se d  a re  1 0 .0 3 A , 1 1 .5 0 A , 2 2 .5 3 A. 
8 .0 7 A  an d  4 0 A , re sp e c tiv e ly . T h e  c a lib ra t io n  is d one  with 
so u rce . T h e  f i lte r  w h e e l ta k e s  12 m in u te s  to  complete 
a ro ta tio n .
F ig u re  I d e p ic ts  th e  in te n s itie s  o f  0 1 (5 5 7 7 ) , 0 1 (6 3 0 0 ) 
a lo n g  w ith  ro ta tio n a l te m p e ra tu re  o b ta in e d  fro m  0 H (7  2) 
n ig h t a irg lo w  o b se rv a tio n s  on  th e  d is tu rb e d  n ig h t namel> 
2 8 -2 9 th  A p ril, 1984 . T h e  e r ro r  is fo u n d  to  b e  ab o u t 
T h e  sam e  q u a n titie s  fo r th e  q u ie t n ig h t 2 7 -2 8 th  A p ril, 1^ 11^  
as w e ll as  2 -3 rd  M ay , 1 984 , th e  firs t a v a ila b le  p o s t sub-stonn 
n ig h t a re  p re s e n te d  in  F ig u re s  2 (a )  a n d  2 (b )  re sp ec tiv e ly  The 
h e ig h t o f  th e  F - la y e r  {h'F) r e c o rd s  fo r  th e  re sp e c tiv e  nights
O h srn > a tu w  '•/ a  Plenum''ir e v e n t e tc 2 8 7
, Mfanied Trom the lonosondt* working, ip tiv: iocition
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primarily attributed to the downward movement of ionization 
in the F-region [IS] In the disturbed mght, the downward 
movement of the f-region loniziition was sharp during the 
deeay phase of the sub storm but it remained stable around 
imi with minor vaiintions As a consequence, the 
intensity of ()l(6300) did not rise significantly throughout 
the disturbed night It is to be noted here that the lonograms 
obtained Irom the lonosonde '^ hovved the spread-F during 
anfl following the sub-storm uhich lasted till midnight, but 
the disturbance recorded in the magnetic variometer, shown 
in Figure 3, indicates an unusual smooth variation after the 
recovtuy phase. Vhe three-hourly Kp value was 4 during 
’Ahidi the sub-storm was recorded and it was ? \  2  ^ for tlic 
udisequcnt intervals ff'dilovdng thi‘ suh-storm. ’The Ap value 
v^ a:; 17 on the said mght.
lh»" lover part ofbigurc 3 depicts the temporal changes 
of oxygen densUv m the tower ihcTmosphcre during the
 ^ir:ur<  ^ 2, (a) T he fnlcnsilte.s o f  01(5577), (M (^300) and Ihe ttm peru iun ' 
If'mg with Ihe he igh t of tlie /  -layer ( /i '/’)  ionization on the pic-subiJtorm 
2 7 -2H A pril, 1984 and (b) during  a iiuu't night, 2 -3 rd  M ay. i9S4
I'igiire 5. The kmpoiiil changc.s of peak I'lomic oxygen density m the 
low er thermosphere (around 100 ki.O during the disturbed mght (28-29 
Aptjl, 1984). iLS well »;> dunng the qi »el nights (27- 28th April, 1984). the 
[irc’dorm niglii and 2-"ird Ma\. 1984. the first available post-siibstorm 
nighi) Ihe upper pane! shows tlie horizontal toniponeni of the earth’s 
magnetic field of the disturbed night
ij is tu rb c ii  n ig h t, 2 H -2 0 th  A p r il ,  1*^84, to g e th e r  w ith  
tn eas iiiem cn t taken  d u rin g  the q u ie t n ig h ts , 2 7 -2 8 th  A p ril, 
l ‘)84, as w ell as on 2 -3 id  M ay, 1984, w h ich  se rv e  as a 
r t lc ie iu 'C . F o llo w in g  th e  su b -s to rm , the a to m ic  o x y g en  
density  sho w s a  m o d e ra te  en h an cem en t o f  th e  o rd e r  o f  
'  2 J %  lio m  the q u ie t n ig h t va lu es In c o n tra s t, th e  v a ria tio n s  
o f  the sa id  den sity  d u rin g  the  c o n tro l n ig h ts  w ere  fo u n d  to  
be ol the o rd e r o f  - 5 -6 % . I  he  th ree -h o u rly  Kp v a lu es  w ere  
resp ec tiv e ly  3, 3 , 4 an d  2 ’, 1, 1 fo r th e  p re , as  w e ll a s  fo r 
p o st su b -sto rm  niglit. T he  Ap v a lu es a rc  2 7  an d  17, fo r the  
re sp ec tiv e  n igh ts. T h e  u p p e i p an e l, in F igu re  3, sh o w s the 
intensify' v a ria tio n s  o f  (he h o rizo n ta l c o m p o n e n t o f  the 
earUi's m ag n e tic  H eld re c o rd e d  at th e  sam e sta tio n . T h e  
o b se r re d  ro ta tio n a l te m p e ra tu re  (see  F ig u re  1), sh o w s n
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similar hump as the bay in llie magnetic records at the time 
of growth and decay phase of the sub-slomu with a time lag 
of 15 minutes Howcvci, the temperature did not change 
muc h during the rest of the period as compared to the quiet 
nights The gap in Figure I is due to power failure which 
lasted about 2 0  minutes
4. Discussions
4  I A h s r n c i ^  O f ( 6 < ( ) 0 }  l i n e  e m i s s i o n
I he data obtained on OUt>300) intensity at Kodaikanal did 
not show any enhancement as compared to the study of 
Misawa e f  a l  [4]. during the disturbed night. Various 
investigators have tried to explain the changes in the neutral 
composition associated w'ilh the storm, arguing that (i) 
combination of wind-induced transport and thermal expansion 
would reproduce the composition at altitudes higher than 
150 km 119 2 1 ) and (ii) transfer of energy from high to low 
latitudes by means of gravity waves as suggested by Testud 
|22|. However, Rishbeth c( a/123] mentioned about the large 
time lag of transinissum of the changed composition from 
tlie turbopause to the higher altitude According to PrOlss [2], 
iravclmg atmosplienc disuiibances rnav contribute to the 
early onset the low latitude perturbation Thus, the time 
delay between the peak of the disturbance and the associated 
effect on the atmosphere in an equatorial station may be the 
cause of the absence cd Ofrb.'^ OO} peak as exhibited m the 
present study
Jacchia ct al [24] tound that the mean time delay between 
the peak of the geomagnetic disturbance and its efrect on the 
atmospheric composition for the mid latitudes is of the order 
of 6 to 7 hours (dn the other hand, Prblss (251 mentioned 
the 4 hours dela> of response time of the low latitude upper 
atmosphere to tlie high latitude magnetic activity 
Consequently, the hump of equaional density would be 
discernible only after the transport time of latter which is of 
the Older of 6  hours well after our obscrvirtg schedule 
(limited by the moonlight) Tins conclusion is substantiated 
by the fad that, using Cactus acccicromelcT data, F3crger and 
Barber [26] lound a time lag ranging from 4,6 to 6 hours 
for the response of the enhancement of total density in the 
equatorial zone with rcspeci to AE index for the early 
afternoon section and - 4.6 hours for the midnight sector.
Thus far, w^ ' have discussed the absence of inlen.se peak 
of the red line following the sub-storm However, we shall 
now look at another phenomena that occurred during the 
disturbed night This concerns the temporal variation of 
01(6300) intensity during the course of a night It is well 
established that tlic temporal variations of the 01(6300) 
intensity m the equatorial zone depend on the coixcsponding 
changes of vertical E  ^ B plasma drill velocity. Owing to 
the reversal of the electrn. field after the sunset, an equator-
ward movement of the ionization ensues in the Appleton 
anomaly region This, in turn, produces a downward 
movement of the ionization over the equatorial zone giving 
rise to the increase of the recombination rate Consequently 
the intensity o f01(6300) emission would seen to be enhanced 
118, 27 -30]. This phenomena has been observed on the quiei 
nights in the present study o f01(6300) intensity accompanied 
by a downward movement of the F-region ionization 
However, in the disturbed night, the intensity of Ol(630(i, 
seemed to be constant. An inspection of the ionograrr  ^
obtained from Kodaikanal (sec Figure 1 ) shows that the 
height of the ionization in F-region remained steady following 
the storm. This confirms the similarity of behaviour between 
the ionization height and red line intensity as chown 
various investigators [17,31|.
4.2 Presence of 01(5527) line emission
In contrast to the above fact, the change in maximum o.xygefi 
density (O)^ in the lower thermosphere after the recover^ , 
phase of the sub-storm is significant. In fact, the imensn^  
of the 01(5577) has shown an enhancement of the order ol 
^0 % from the quiet night values which in turn, causes 
increase of the population of 0(fS), the metastablt state 
transition from which gives wavelength 01(5577) [n \}\^  
lower thermosphere during, as well as following the v,th 
storm It may be noted here that the effect due to the alorc 
mentioned disturbance sustained to a great extent oi Uvm 
the lower thermosphere The diffusion time ro -4  5 hrs at 
height 1 Icn'HN’g, where a  is the collision cross .secuots Uv 
atmospheric gases, v -  the mean thermal speed ^
the scale height, N the background gas densitx, y tiir 
acceleration due to gravity, k the Boltzmann constant, T ti't 
absolute temperature, m the mean molecular mass Uk 
gas), could be the cause of this phenomena [32| Weir nm 
Chnstophe-Glaumc [3] have also found marked mcrca^e e; 
01(5577) during and following the storm at micl laliUuit 
which was postulated by I’homas [33] as due to the increirv 
in O concentration on the upper D-region, However, chan i^ ^  
in the atmospheric composition in the tropopause height m 
connection with changes in the thermospheric tcmperatari.' 
during the magnetic sub-stonm have also been postulated 
[34,35] In view of the immediate enhancement of 
oxygen density following the sub-storm, our results canno> 
be explained by the transport of O atoms in the 
ionosphere from the auroral belt to the equator as suggest^ 'd 
by fhomas [331 On the other hand, the cxtra-ionosphent 
currents [361 which turns out as the positive bay (sec I igu't;
3), may be responsible for healing the lower ionosphere in 
fact, the temperature obtained using OH(7- 2 ) band af 
Kodaikanal showed an increase about 15 minutes after 
onset of sub-storm. Similar increase in temperature has alsc 
been found by observers [37,38] within a few hours of
Observation of a ma^ ^netic subs form event etc
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,u(jden co m m en cem en t o f  th e  m ag n e tic  sto rm  o v er vcr>' low 
jantude zones a ro u n d  2 0 0  km  a ltitu d e . A fter rev ea lin g  the 
unusual h ea lin g  ev en ts , th ey  co n c lu d e d  by  arg u in g  that the 
deposition e n e rg y  is lo c a liz e d  U seem s feas ib le  that the 
evira-ionospheric c u rren t m ig h t h av e  h e lp ed  in increasing 
ihc recombination ra te  w h ich , in tu rn , p ro d u ced  m ore atom ic 
oxvgcn density  o r in o th e r  w o rd s , in c reased  the popu la tio n  
ot 0 ( ’S), fo llo w in g  the  su b -s to rm .
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